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and, of course, their deep ocean location.
Hydrothermal fluids issue from chimney-like structures formed from the precipitation of metals extracted from the subseafloor by ocean water circulating downward into the crust and heated to high temperatures (Tivey, 2007) . Highest temperatures are usually found in the chimney discharge. When these high-temperature, chemical-laden fluids mix with cold ambient ocean water, they form metallic sulfides, oxihydroxides, and sulfates. These precipitating minerals give the effluent a black (and sometimes a gray or white) smoke look. These "black smoker" chimneys often discharge as forced jets with velocities up to meters per second and temperatures up to about 400°C. The chimneys are typically meters high and have internal diameters on the order of 10 cm. Plumes of buoyant chimney effluents rise up to hundreds of meters above the seafloor as a consequence of density deficiency produced by their differences in temperature and salinity from those of the surrounding seawater (Turner and Campbell, 1987; Speer and Rona, 1989) .
In some cases, these discharges have built large (25-100 m 2 ) sulfide mounds on which a handful of chimneys, at seemingly random sites, may be perched. and exhibits variability that is dependent on the ambient horizontal flow. At several vents, direct measurements of heat flux using in situ devices and video imagery have yielded an integrated heat output for various sulfide structures. In conjunction with these measurements, plume models that incorporate ambient stratification and horizontal tidal flows are yielding insights into the vertical and azimuthal dependence of entrainment, rise-height variability, and plume bending.
of meters off the seafloor but can be entrained by black smoker plumes (Lavelle and Wetzler, 1999 (Woods and Delaney, 1992) . an entire vent field (e.g., Schultz et al., 1992; Bemis et al., 1993; Ginster and Mottl, 1994) . Another way to measure the heat flux is to survey the water column at the equilibrium layer, where hydrothermal plumes reach neutral buoyancy with respect to the ambient seawater (e.g., Baker and Massoth, 1987; Rosenberg et al., 1988; Thomson et al., 1992) . A third approach is to set up a control volume enclosing a hydrothermal edifice or an entire vent field and measure the net heat flux leaking through the boundaries of the control volume (Stahr et al., 2000; Veirs et al., 2006 showed a rapid increase of approximately 7°C (Sohn et al., 1998) , beginning approximately four days following the seismic swarm. Figure 1a Figure 1a ), mass transport in the hydrothermal system is estimated directly from the available heat flow (Ramondenc et al., 2006) and geochemical data (Von Damm and Lilley, 2004) .
Results show that an increase in vent temperature, as was observed at the seafloor only a few days after the seismic swarm Sohn et al., 1998 Sohn et al., , 1999 (Bohnenstiehl et al., 2004) , thermal (Johnson et al., 2000) , and geochemical responses (Lilley et al., 2003) . A noneruptive diking event may also be associated with recently observed seismicityhydrothermal interactions after the November 2003 swarm at the EPR near 9°50'N (Tolstoy et al., 2008) .
In general, hydrothermal activity at mid-ocean ridges may be localized by diking events due to permeability enhancement near the dike margins (Delaney et al., 1986; Germanovich et al., 2000) . For example, the hydrothermal sites on Endeavour Segment are located near the west margin of the seismically imaged magma lens (Bohnenstiehl et al., 2004; Van Ark et al., 2007) , which suggests that the venting activity at this site may also be localized by diking triggered by lens pressurization.
Heat transfer from the AMC is the primary driver of hydrothermal systems at oceanic spreading centers. Liu and Lowell (2009) to an event plume when the release of large quantities of heat results from a seismic or magmatic event at the seafloor (Lowell and Germanovich, 1995) .
HyDrotHerMal VeNt FloW MeaSureMeNtS in Situ Measurements
During fields, see Kelley et al., 2012, in (Ostashev, 1994; Ross, 2003) .
Determining plume fluxes also requires measurement of flow rates.
Doppler algorithms are used to measure Note that the 3D model shows hysteresis in the vertical velocity (i.e., the vertical velocity for increasing horizontal flows is lower than for decreasing flows).
homogenous temperature fluctuations (Tatarskii, 1971; Xu and Di Iorio 2011) . Using space-time coherence methods (Farmer et al., 1987) the M2 tidal constituent and the fourday oscillation observed by Cannon and Thomson (1996) in the current meter measurements within the Endeavour Segment axial valley. According to Allen and Thomson (1993) and Thomson et al. (2003) 
integral Models
The analytic mathematical MortonTaylor-Turner (MTT) model (Morton et al., 1956 ) was the earliest used to describe hydrothermal plume ascent (see examples of applications in Speer and Rona, 1989; Rudnicki and Elderfield, 1992; McDuff, 1995) . MTT In these models, no explicit assumption needs to be made about the nature of entrainment. Lavelle and Wetzler (1999) also used the model to study the entrainment of diffuse sources and background materials into a strongly rising plume.
The reFereNceS
